We present the discovery of nonradial pulsations in five hot subdwarf B (sdB) stars based on 27 days of nearly continuous time-series photometry using the Kepler spacecraft. We find that every sdB star cooler than ≈ 27 500 K that Kepler has observed (seven so far) is a long-period pulsator of the V1093 Her (PG 1716) class or a hybrid star with both short and long periods. The apparently non-binary long-period and hybrid pulsators are described here. The V1093 Her periods range from one to 4.5 h and are associated with g−mode pulsations. Three stars also exhibit short periods indicative of p−modes with periods of 2 to 5 m and in addition, these stars exhibit periodicities between both classes from 15 to 45 m. We detect the coolest and longest-period V1093 Her-type pulsator to date, KIC010670103 (T eff ≈ 20 900 K, P max ≈ 4.5 h) as well as a suspected hybrid pulsator, KIC002697388 which is extremely cool (T eff ≈ 23 900 K) and for the first time hybrid pulsators which have 2 M.D. Reed et al. larger g−mode amplitudes than p−mode ones. All of these pulsators are quite rich with many frequencies and we are able to apply asymptotic relationships to associate periodicities with modes for KIC010670103. Kepler data are particularly well-suited for these studies as they are long-duration, extremely high duty cycle observations with well-behaved noise properties.
sdBV stars were first discovered in 2006 with the prototype being DW Lyn (Schuh et al. 2006 ).
They all have temperatures at the V361 Hya -V1093 Her border, and prior to these Kepler data, 4 were known (Schuh et al. 2006; Baran et al. 2005; Lutz et al. 2009; Baran et al. 2010 ). An interesting property of the hybrids is that they have some uncharacteristically high-amplitude frequencies for both p− and g−mode pulsations. As an example, in Balloon 090100001 (hereafter BA09) the highest amplitude p−mode is at 2807.5µHz with a V-band amplitude of 53.34 mma and the highest amplitude g−mode is at 325.6µHz with an ampitude of 2.19 mma (Baran et al. 2010 ). Both of these amplitudes are a factor of ten higher then average non-hybrid stars. For the hybrids, the highest-amplitude p− and g−mode pairs of amplitudes are 21.7, 3.7; 53.34, 2.19 (V-band); 6.6, 1.5; and 18.8, 2.2 mma (milli-modulation amplitudes) for HS 0702+6043, BA09, HS2201+2610 and RATJ0455+1305, respectively (Schuh et al. 2006; Baran et al. 2005; Lutz et al. 2009 ; Baran et al. 2010) . BA09, which is the best studied of these stars, also shows a series of lowamplitude modes that nearly span the gap between the g− and p−mode ranges (Baran et al. 2009 ).
A broad review of sdB stars can be found in Heber (2009) .
In this paper we examine the apparently non-binary g−mode sdB pulsators discovered during the Kepler Mission data released in December 2009. These have Kepler Input Catalog (KIC) numbers of 007664467 and 010670103 for the V1093 Her-type and 002697388 (identified in the Sloan SEGUE extension survey as SDSS J190907.14+375614.2, Yanny et al. 2009 ), 003527751 (also in the Sloan SEGUE survey as SDSS J190337.02+383612.5, Yanny et al. 2009 ) and 005807616 (previously identified as KPD 1943+4058, Downes 1986, and hereafter KPD 1943) for the hybrid stars. Their Kepler system magnitudes are listed as 16.45, 16.53, 15.02 15.39, and 14.86, respectively. Spectroscopic properties of these stars are published in Østensen et al. (2010b, here- after, Paper I) using metal line blanketed LTE models of solar metalicity. They are T eff log g of ≈ 26 800 K, 5.17 for KIC007664467; ≈ 20 900 K, 5.11 for KIC010670103; ≈ 23 900 K, 5.32 for KIC002697388; ≈ 27 600 K, 5.28 for KIC003527751; and ≈ 27 100 K, 5.51 for KPD 1943.
KPD 1943 was already suspected to be a long-period pulsator from pre-Kepler observations ) and we confirm those observations. The binary g−mode sdB pulsators appear in Kawaler et al. (2010b, Paper V) .
The Kepler Mission science goals, mission design, and overall performance are reviewed by Borucki et al. (2010) and Koch et al. (2010) . Asteroseismology for Kepler is being conducted through the Kepler Asteroseismic Science Consortium (KASC; Gilliland et al. 2010a ). These data were obtained as part of the survey mode, where short-cadence targets are rotated every month during the first year (Gilliland et al. 2010a,b) . The striking advantage to Kepler data are the many im-provements over ground-based data, particularly for g−mode-regime variability. From the ground, one can only observe a few pulsation cycles during night time hours and if multisite observations are obtained, then differing instrument sensitivities become an issue, and because of weather, gaps will inevitably appear in the data. Additionally, ground-based observations have to contend with atmospheric issues, such as transparency that can often change on the timescales near that of the intrinsic variability for g−mode sdBV stars. As such, Kepler data are really optimal for these types of pulsators in that nearly gap-free data were obtained at a roughly constant cadence and with no atmospheric issues. This advantage allows us to detect many more pulsation frequencies than Earth-bound telescopes can obtain, even with significant multisite effort.
Other Kepler papers in this sequence on sdBV stars include Paper I (Østensen et al. 2010b ), which summarizes target selection and spectroscopic properties; Paper II (Kawaler et al. 2010a) , which examines the first V361 Hya variable; Paper IV (Van Grootel et al. 2010 ) which provides a model fit to KPD 1943; and Paper V (Kawaler et al. 2010b) , which discusses V1093 Her stars in close binaries.
OBSERVATIONS
This paper describes data obtained by the Kepler Mission during 2009. The data released to the KASC compact stars working group (WG11) are short cadence data with an average integration time of 58.8 s. Data on all five pulsators described in this paper were obtained during Q2.3 (the third month of the second quarter) over a 27 d span between BJD 2455064 and 2455091 (20 August -16 September, 2009 ) and released to the KASC on 31 December, 2009. The temporal frequency resolution is 0.43µHz for these data and during these ≈ 27 days of observations, a total of 45,210 science images were scheduled. However, because of a 22.5 h safing event and other small glitches, including loss of fine guidance, ≈ 3 700 images were either not obtained or were contaminated in some way. These images were not used in our analysis. It has also been found that the long cadence reading of the CCDs affects the short cadence data by creating artefact peaks at n · 566.391 µHz. For most of these data, variation frequencies are short of 566.391 µHz and for the short periodicities we were careful to avoid these artefacts. Another Kepler processing step is a contamination-correction, which describes what fraction of the flux is from nearby stars in the 4 arcsecond aperture. These contamination fractions are 87.9, 45.0, 14.9, 8.1, and 33.2% for KIC007664467, KIC010670103, KIC002697388, KIC003527751, and KPD 1943 respectively.
Some of these fractions are so large (most of the flux for KIC007664467 is attributed to nearby stars), that the actual amplitudes (measured as deviations from the mean flux) may be significantly different, though relative amplitudes within each star would not be affected. For this paper, we used uncorrected flux as suggested in Paper I because we found the photometric temperatures in the Kepler Input Catalogue to be cooler than those from spectroscopy. Until the contamination process is sorted out, it is safer to use the raw fluxes, and a correction can be applied later to determine the intrinsic amplitudes.
Kepler data on these stars were provided with times in barycentric corrected Julian days, and fluxes which are shown in Figs. 1 and 2. Note the gap during the data that corresponds to a safing event during day 22. We normalized the flux and amplitudes are given as parts-per-thousand (or milli-modulation amplitude, mma), with 10 mma corresponding to 1.0%.
Note that at the time of this writing the pipeline for reducing Kepler short cadence data is still being fine-tuned and tested. As a result, it is possible that some frequencies and amplitudes could be affected by the current Kepler reduction pipeline with differing results in subsequent data releases as the process is improved.
ANALYSES
Our analysis proceeded in a straightforward way; we calculated a temporal spectrum (also known as a Fourier transform; FT) which was used for initial estimates of frequencies and amplitudes.
We simultaneously fitted and prewhitened the data using non-linear least-squares (NLLS) software beginning with the highest amplitude frequency until we reached the 4 σ detection limit or unresolved frequencies, which we were unable to fit.
We determined 4σ detection limits using apparently variation-free frequency regions surrounding those with periodicities. For KIC007664467 we used regions bracketing the variations at 40-80, and 300-500 µHz which gave a detection limit of 0.31 mma. For KIC010670103 the bracketing regions used were 20-50 and 205-235, which gave a limit of 0.24 mma. For KIC002697388, we chose regions that appeared pulsation-free between 50-75, and 350-450 µHz for the lowfrequency regime with a limit of ranging from 0.23 mma on the long side to 0.13 mma on the short side and 2000-3700 µHz for the high-frequency regime with a detection limit of 0.11 mma.
For KIC003527751 we used low-frequency regions of 20-80 and 300-360 µHz with resulting limits of 0.11 and 0.07 mma, respectively, and 2000-3600µHz for a high-frequency range with a limit of 0.07 mma. The regions used to calculate the noise were: 20-75, 450-500 and 2000-3400 µHz for KPD1943 which produced a long-period detection limit of 0.09 mma and a short-period limit of 0.07 mma.
In the tables, we include a signal-to-noise (S/N) measurement for each frequency, measured in standard deviations with the detection limit shown as a solid (blue) horizontal line in the figures.
Also in the figures, we include another more conservative estimate which uses the mean of the peaks in the temporal spectra, rather than the mean of the entire spectra shown as a red line.
V1093 Her variables
For the two V1093 Her variables, the pulsation amplitudes are readily seen in the temporal spectra. Because of their large contamination fractions, it is expected that compared to "normal" V1093 Her variables, these all have some high-amplitude frequencies. Additionally, they are all clearly multimode pulsators with many peaks in their temporal spectra. NLLS fitting and prewhitening was a pretty straightforward exercise, except where noted below for individual stars. 
KIC007664467
KIC007664467 (K p = 16.45, T eff ≈ 26 800 ± 500 K, log g = 5.17 ± 0.08; Paper I) has the lowest S/N peaks of all the stars in this paper, resulting in the fewest frequencies detected (six with confidence, another one less-so at a S/N of 3.76). These are listed in Table 1 along with their amplitudes and periods and indicated in Fig. 3 with blue and magenta arrows, respectively.
Prewhitening effectively removes all power above the detection limit and clearly there are other peaks below the detection limit which are likely produced by stellar variations. With improved data, which we anticipate obtaining in the future with Kepler, we should be able to ascertain if those peaks are intrinsic to the star or noise.
KIC010670103
We detected a total of 28 frequencies for KIC010670103 (K p = 16.53, T eff ≈ 20 900±300 K, log g = 5.11 ± 0.04; Paper I), with lots of power still remaining, but just below the detection limit. These . Temporal spectrum and prewhitening sequence for KIC007664467. The solid (blue) horizontal line is the 4σ detection limit, the dashed (red) horizontal line is the peak 4σ detection limit, and arrows indicate prewhitened frequencies. frequencies are listed in Table 2 along with their amplitudes and periods and indicated in Fig. 4 by arrows.
As indicated in Table 2 the frequency structure appears in §4.1. As examples of possible complex interactions, f1 is a combination of three different frequency differences, the most obvious of which are differences involving high-amplitude peaks: f19-f5 and f21-f7, but it is also a combination of f24-f16. f2 is a complex combination with some high-amplitude peaks (f19-f3, f21-f7) and some lower-amplitude ones (f20-f4, f25-f16, and f28-f19); although some of these lower-amplitude frequencies are themselves possible combinations of other frequencies. KIC002697388, KIC003527751, and KPD 1943 are marked in a similar way in Tables 3, 4 , and 5, though we will not discuss their combinations in the text as we feel these are most likely chance superpositions caused by a high frequency density spanning a large frequency range.
Hybrid variables
For these stars, the pulsations seem to break into three regions, just as for BA09 (Baran et al. 2009 ),
with periodicities longer than about 40 minutes, typical for g−mode pulsators, periodicities shorter Table 2 . Frequencies, periods, amplitudes, and S/N for KIC010670103. Possible combination and difference frequencies are marked as C and D and a rudimentary fit of the form P ℓ = P ℓo + n · ∆P ℓ is given in columns 4 and 5 and discussed in §4.1. Column 6 provides the difference between the observed and asymptotic frequencies. Formal least-squares errors are in parentheses. than five minutes, typical of p−mode pulsators, and then a group that are in between with periods ranging from 15 to 30 minutes.
ID

KIC002697388
In total, we detected 37 long-period pulsations leaving four regions with unresolved frequencies in KIC002697388 (K p = 15.39, T eff ≈ 23 900 ± 300 K, log g = 5.32 ± 0.03; Paper I). These are listed in Table 3 along with their amplitudes and periods and indicated in Fig. 5 with arrows.
Unresolved power remains in the FT above the detection limit, which could not be NLLS fitted and the most obvious of these are indicated by longer (red) arrows. Figure 6 is an enlarged view of the low-frequency region.
We also detected a high-frequency peak above the 4σ limit that was not an artefact caused by long-cadence readout. The peak is low amplitude but a 5.4σ detection in the combined data which is significant above the noise. The hybrids are discussed further in §4.3 and until KIC002697388 receives further observations (Q5), we consider it as a candidate hybrid pulsator.
As observed for BA09 (Baran et al. 2009 ), several of the intermediate frequencies are possible Figure 5 . Same as Fig. 3 for KIC002697388. The middle panel has eight frequencies removed and the bottom panel is prewhitened by 37 frequencies. Red arrows indicate likely frequencies that were not fitted (see Fig. 6 for an enlarged view). Note that the vertical scale changes with each panel. The right panels show the window function on top, the middle panel is broken into two sub-panels so the high-frequency regime can be plotted on the same vertical scale as the left panel (separated by a dashed blue line) and an enlarged view better shows the peak in the original FT. The bottom panel is the prewhitened FT.
combination frequencies. As this frequency region is less densely populated in models, it is likely some of these are real combinations. However, not all of the frequencies in this range can be attributed to combination frequencies.
KIC003527751
All of the pulsation amplitudes of KIC003527751 (K p = 14.86, T eff ≈ 27 900 ± 200 K, log g = 5.37 ± 0.09; Paper I) are quite low and would almost certainly be missed in ground-based ob-
servations, yet they are easily detected in these Kepler data. In total, we detected 41 pulsation frequencies with no residuals above the detection limit. These are listed in Table 4 along with their amplitudes and periods and indicated in Fig. 7 with arrows. 
KPD 1943 (KIC005807616)
In total, we detected 21 frequencies with confidence, four frequencies that were marginally below the detection limit, and still there remained three regions of unresolved power for KPD 1943 (K p = 15.02, T eff ≈ 27 100 ± 200 K, log g = 5.51 ± 0.02; Paper I). These are listed in Table 5 along with their amplitudes and periods and indicated in Fig. 8 with blue and magenta arrows, respectively. We note that an independent analysis in Paper IV obtained a slightly different, but generally consistent, set of frequencies. Figure 9 shows the unresolved regions, with red arrows indicating the frequencies listed in Table 5 .
DISCUSSION
The V1093 Her pulsators all have periods longer then an hour and the extremes scale roughly with log g and T eff . KIC010670103 is the coolest sdBV detected to date and has the longest periods, reaching nearly 4.5 h in duration. Such long periods would obviously be very difficult to detect from Earth with interrupting diurnal cycles. KIC007664467 has the fewest frequencies detected in this sample and they are easily resolved. However, this is likely based on the detection limit, so with more data, we will likely find more frequencies. KIC010670103 is the richest V1093 Her pulsator known to date with 28 frequencies.
The hybrid pulsators discovered by Kepler are also extremely rich pulsators with over 100 frequencies detected between the three stars. The p−mode pulsations were a surprise discovery.
While two of the hybrids have temperatures and gravities similar to non-Kepler hybrids, we did not anticipate hybrids where the p−mode amplitudes were smaller than the g−mode ones. Similarly, the candidate hybrid KIC002697388 is surprisingly cool. Should subsequent Kepler observations (during Q5) confirm the hybrid nature of KIC002697388, it would indeed represent an intriguing object. Driving p−mode pulsations at those temperatures is not a problem, but rather depends on the amount of iron enhancement (see Fig. 2 of Charpinet et al. 2007 ). Defining the extent of the p−mode instability region constrains the minimum amount of Z-bump enhancement in the driving region.
Mode identifications using asymptotic relations
While the crowded g−mode frequency density may appear as a disadvantage for model fitting, because we have reached a region where asymptotic relationships may apply, it could prove useful for mode identifications. In turn, observational correlations between modes and frequencies can provide strong model constraints (e.g., Winget et al. 1991 ). In the asymptotic limit for n ≫ ℓ, g−modes should be equally spaced in period for consecutive values of n (Smeyers & Tassoul 1987) , where n represents the number of radial nodes and ℓ is the number of surface nodes. This asymptotic behaviour has been observed very clearly in pulsating white dwarfs (e.g. Kawaler & Bradley 1994) . The relationship is
and indicates a second important feature which is useful for mode identifications. Modes of consecutively higher degree ℓ will be spaced closer together in a predictable relation and modes of the same n but differing ℓ will be related in period. In particular, the relations between ℓ = 1 and 2 modes for period spacings and related overtones will be √ 3. Specifically,
A quick examination of KIC010670103's periods easily shows that there are common period spacings. As such, we used it as a test to see how thoroughly asymptotic relations could apply.
Additionally, KIC010670103 has lots of periods to work with, but not so many as to make the task daunting. As we do not observe frequency multiplets, we assume that rotational splitting can be neglected. KIC010670103 shows several spacings around 145 and 250 s and we also noticed that the 145 s spacings mostly occurred for shorter periods (higher frequencies) and the 250 s spacings for longer periods, as would be expected. Upon closer examination, it is obvious that 145 ≈ 250/ √ 3 and that several pairs of periods are also related directly by 1/ √ 3. This prompted one of us (sdk) to produce fits to the periods for each spacing of the form P ℓ = P ℓo + n · ∆P ℓ .
For the apparent ℓ = 1 modes, the fit is P 1 = 8512.08 + n · 251.16 and for the ℓ = 2 modes it is P 2 = 4916.58 + n · 145.59. The base frequencies were chosen such that the shortest period Table 5. in KIC010670103 is n = 0 and the associated ℓ = 1 period would have the same n value. This scheme produces some negative n values for the ℓ = 1 sequence, but it is very important to note that while consecutive n values represent consecutive overtones within the star, the values themselves are not representative of the actual n value for any given period. Indeed, they must not be associated with the actual value, or asymptotic relations would not apply.
We tested the sequence of period spacings using Komogorov-Smirnov statistical tests (Kawaler 1988 ) and inverse variance tests (O'Donoghue 1994), along with Monte Carlo simulations using randomly selected periods within the observed range. The observed sequence is statistically significant at the 99.99% level based on these tests. The results of these fits are shown in columns 4, 5, and 6 of Table 2 where the difference between the asymptotic relation period and the observed period (column 6) is given in frequency, so it can be compared with the 1/T resolution of 0.43 µHz. Amazingly, these two relations fit 27 of the 28 periodicities observed in KIC010670103, with f24 fitting at the 1/T resolution limit. Additionally, there are several pairs of frequencies that are related overtones (same n value). This provides very powerful evidence that nearly all of the observed periodicities in KIC010670103 are ℓ = 1 and 2 modes as the two sequences are not independent spacings, but rather include six pairs of periods related by 1/ √ 3, which means these must be the same n value (whatever that may be) intrinsically to the star.
Further investigations will be warranted once the longer-duration (Q5 and beyond) data sets are obtained, both for KIC010670103 and other g−mode pulsators. We also note that a satisfactory model fit has been obtained for KPD 1943 (Paper IV) without the aid of asymptotics (and indeed the model fit indicates the frequencies are far from satisfying the asymptotic behaviour).
Short-period amplitude stability
As some low-amplitude short-period p−mode frequencies can appear transitory (Paper I), we divided our data into four one-week sections, and fixing the frequencies, fitted the phases and amplitudes. As can be seen in Fig. 10 , except for KIC002697388, the phases are stable and while their amplitudes waver a bit (some get quite low), nearly all are constant within the 1σ errorbars.
However while KPD 1943's f21's phases seem stable, the amplitude continually decreases and the last measurement is nearly undetectable. We also note that all three of KPD 1943's short-period p−mode frequencies lie within 30 µHz of an LC read-time artefact. While we do not think they are related, it is a coincidence that compels further investigation. It will be interesting to see how the high-frequency amplitudes vary, presuming the frequencies persist at detectable levels during Kepler's next observational run on these stars. Those data will also be useful for determining relations to the LC artefacts.
Hybrid amplitudes
Compared to previously known hybrid pulsators, these Kepler variables are unusual in that the g−mode pulsations have higher amplitudes than the highest p−mode ones (or one, for KIC003527751). 
CONCLUSIONS AND FUTURE WORK
The data presented here confirm the potential of the Kepler mission for sdB asteroseismology.
We have identified pulsations with amplitudes blending into the detection limit. We anticipate that further, longer-duration observations during Kepler's second year of operation will resolve and detect even more, lower-amplitude frequencies and unambiguously determine if the first hybrids with lower p− mode amplitudes have been detected.
Frequency density is not an issue for g−mode pulsators (Reed et al. 2004b) as models provide many closely spaced frequencies in this region Jeffery and Saio 2007; Hu et al. 2009 ). Yet pulsation models have found it easier to drive high-degree (ℓ 3) modes and since the detected amplitudes continue down to the detection limit, and likely beyond, it is likely that high-degree modes are present. Kepler can test this critical model assumption in that with more data and a lower detection threshold, it may be possible to determine if ℓ 3 are truly present. As ℓ 3 have a large degree of geometric cancellation (Charpinet et al. 2005; Reed et al. 2005) , if their amplitudes are intrinsically similar to low-degree modes, then their observed amplitudes would be significantly reduced. Sustained Kepler photometry will be able to detect such low-amplitude frequencies.
An asymptotic limit approach has been applied to the period spacings of KIC010670103. The results show a good fit to nearly all the observed periodicities, identifying all but one frequency as ℓ = 1 or 2 modes. Both the spacings and relations between the two sets agree with the expected 1/ √ 3 asymptotic relations to surprising accuracy. This is remarkable for two reasons: firstly in that it indicates that ℓ = 1 and 2 modes are not only present, but predominant in at least one star and secondly in that asymptotic relations may be a useful method for correlating periodicities with modes for sdB stars. A future paper will examine the period spacings of all the Kepler g−mode pulsators and attempt to constrain mode identifications.
We have shown results from a study of the first Kepler data on newly-discovered V1093 Her variables. Both stars likely have variations of sufficient amplitude to have been detected from ground-based observations 1 , though they are all fainter than 15 th magnitude. Yet the majority of pulsation amplitudes we detect are below 0.1%, which is very difficult to detect from the ground, especially taking atmospheric transparency variations into consideration. For comparison, power-weighted mean frequencies were calculated which result in f med =208.0, and 131.6 µHz for KIC007664467, and KIC010670103, respectively. A ground-based observing night (of 8 h) would obtain 6.0, and 3.8 continuous pulsation cycles before having a daytime gap. Kepler has obtained over 550, and 352 pulsation cycles of nearly continuous, homogeneously-obtained data. These provide the richest g−mode pulsation spectra obtained to date, which are essential for understanding these complex pulsators.
In these stars we detected seven and 28 frequencies, with the possibility that some could be combination frequencies. We have also detected the longest periods (near 4.5 h) known to date, for the coolest known sdBV star (T eff ≈ 20 900 K; Paper I), thus extending the temperature range of pulsators. As periodicities are sensitive to the stellar radius, measured via gravities, the stars with the lowest gravities should have the longest periods. As both stars have similar gravities, their shortest periods are similar, but KIC010670103's cooler nature seems to drive higher overtones (and thus longer periods).
We have examined the first three hybrid subdwarf B pulsators discovered by the Kepler mission. These stars are unique among hybrid pulsators for several reasons including the abundance of g−mode frequencies, the reversed amplitude ratios between the p− and g−modes compared to non-Kepler hybrids, the complexities of their combination frequencies, and the extremely low detection limit that Kepler has compared to ground-based observations. And yet they have a resemblance to the best-studied hybrid, BA09, in that these stars all have intermediate frequencies,
and BA09 also has combination frequencies.
In these stars we detect 37, 41, and 21 frequencies for KIC002697388, KIC003527751, and KPD 1943, respectively. In all cases, combination frequencies may be present and the pulsations were detected right down to the detection limit, indicating that further data will reveal more periodicities. All of these stars show widely distributed frequencies. KIC002697388 and KIC003527751
show "gap" frequencies like BA09, which lie between the g− and p−mode regimes.
These stars will certainly be invaluable to discerning the interior structure of sdB stars, as their pulsations span a large range of frequencies, with each frequency, and frequency region likely probing a different layer within the star itself. Such constraints can be useful for determining if differential internal rotation exists as well as probing narrow ionization (and thus convective)
zones.
Typically, a key to discerning interior conditions of stars is the association of frequencies with pulsation modes. It is possible that the asymptotic approach, as has been applied to KIC010670103, or possible combination frequencies, as has been done for ZZ Ceti stars (Yeates et al. 2005) , may be useful for determining modes. Such constraints could be very useful for distinguishing between various models, modelling methods and help with mismatches between observed and theoretical period distributions. 
